CHAPTER 1
Introduction to Calculus

Review of Prerequisite Skills, pp. 2-3

1 -7-=5
.a.m =
21 6 — 2
= -3
- (-4
b.m = (=4
-1-3
= =2
c 4-0
m = —
1-0
=4
4 -0
d.m = v
I 120
= —4
4 — 4.41
e.m =
T (—
= —4.1
b1
fom=— ?
R
2
-4
1
!
2
2. a. Substitute the given slope and y-intercept into
y = mx + b.
y=4x -2

b. Substitute the given slope and y-intercept into
y=mx + b.

y=—2x+5
¢. The slope of the line is
12-6
m =
4 —(—-1)
_6
5

The equation of the line is in the form
y — vy = m(x — x;). The point is (—1,6) and
m =2
The equation of the lineisy — 6 = Sx+ 1)or
y=8x+1)+6
d. PR Bl A

—6- (-2)

= —]
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y—4=-1x—-(-2)

}’—4:—_r-—2
x+v—2=0
e.x = —3
f.y=5
3.a.f(2) = ~6+5
=1
b. f(2) = (8 = 2)(6 — 6)
=0
e f(2) = —3(4) +2(2) — 1
= -9
d. f(2) = (10 + 2)?
= 144
4.a.f(-10) = o=y
_
52
-3
hﬂ_3)'9+4
_ 3
13
0
C'f((})_o—wl
=0
d- /10 = 1507 4
5
52
s iy o 4 VAT xilx <0
S = V3+xifx=0
a. f(—33)=6
b. f(0) = V3
c. f(78) =9
d. f(3) = V6
~},if—3<z<0
6-5(0= V5 i1 =0
£ifr>0
a.s(—Z):—%
b.s(-1)=—1



c.s(0)=15
d.s(l) =1

e. s(100) = 100" or 10°

Toa. (v —6)(x +2)=x> —dx — 12
b. (5 - x)(3 +4x) =15+ 17x — 4x3
C.

X(5x —3) = 2x(3x + 2) = 5x7 — 3x — 6x7 — 4y

= —x’ = Tx

(x = D(x +3) = (2x + 5)(x — 2)
=x7 4+ 20 =3 - (27 + x — 10)
=—x'4+x+7
(a+2)Y = (a+2)(a+ 2¥(a + 2)

= (a" + da + 4)(a + 2)

=a' 4+ 64>+ 120 + 8
f. (9a ~5) = (9a - 5)(9a - 5)(9a - 5)
(81a® = 90a + 25)(9a — 3)

= 729" - 1215a° + 675a — 125
8.a.x —x=x(x"-1)
=x(x + Dy —1)
box’+x—6=(x+3)(x - 2)
+6=(2x - 3)(x - 2)
X (x4 20+ 1)
X{x + 1) (x + 1)
€. 270 — 64 = (3x — 4)(9x? + 12x + 16)
f.2x =¥ = Tx + 6
x = lisazero,sox — 1is a factor. Synthetic or
long division yields
20 =yl =Ty + 6 = (x = N2x +x - 6)
={(x — I)(2x = 3} (x + 2)

9.a. {reRjx = -5}
b. {xeR}
¢. {xeRlx # 1}
d. {xeR|x # 0}
e.2x’ = 5¢r = 3= (2x + 1)(x —- 3)

1
xeRlx# —= 3
{xe X 2}

f.{xeRjx# -5 -2.1}
10. 2. h(0) = 2. (1) = 22.1
221 -2
1-0
= 20.1 m/s
b.h(1) =221.h(2) = 324
324 - 221
2 -1
= 103 m/s
11. a. The average rate of change during the second
hour is the difference in the volume at r = 120 and
1 = 60 (since 1 is measured in minutes), divided by
the difference in time.

&

®

+
I
=
-+
e
1

average rate of change =

average rate of change =

V(120) = V(60) 0 - 1200
120 — 60 60

=20 L/min

b. To estimate the instantaneous rate of change in
volume after exactly 60 minutes. calculate the average
rate of change in volume from minute 59 to minute 61.
V(61) — V(59) | 1186.56 — 1213.22

61 -59 2

= —13.33 L./min

¢. The instantaneous rate of change in volume is
negative for 0 = ¢ = 120 because the volume of
water in the hot tub is always decreasing during that
time period. a negative change.
12.a., b. y
8-

The slope of the tangent line is — 8.
¢. The instantaneous rate of change in f(x) when
x =510y —8.

1.1 Radical Expressions:
Rationalizating Denominators, p. 9

La.2V3+4
b. V3~ V2
. 2V3+ V72
d. 33 - V2
e. V2 + V5
f.-\V5-2/2
V3 +5
Ve +Vio
2

2.

—

2V3 - 3V
V2
V6 -6
===
=V6 -3

b
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LAVEH3VE V3 (3V3-2V2 3V3-2va
EAVE! V3 V34 2V2 V3 -2V2
:12+3\/5 27 -12V6 + 8
6 T 27-8
_4+Ve S35 - 12Ve
2 S
o V2o V2 N2 fa V-1 V54
3—_\/2 V2 T4 V541
_3VIo-2 5
4 P a(V5 + 1)
ia 3 V5 +V2 1 '
TNV V2 V52 VRS
:3(v§+x/§) b2—3\/5_'2+3\/i
3 S22 2 +3V2
=\V5+\V2 _ 418
. N5 N5 - 3\V2 2(2 + 3V2)
V54 3V2 V5 -3V2 __ "7
20 - 610 24 3V2
0 - 18 . \/g+2_“v/§~2
=10 - V10 51 Vs-2
V3i-V2 V3o V2 S Rl
VN2 ViV 10 -5V 42
:ﬁ%\_@éﬁ TV
:S%—VZ\/é 5.4 8\/5 \/264—\/1%
\2\//5—8 2\//‘5“‘% ) .\/2—6_\/i§ \//2—(3+\/I§
d. o 2o 8V40 + 8V36
V5 +3 VS -3 =T o0-18
:20—22\/§+24 L6VI0 + 48
20 - 9 =
-ﬁf‘_ﬁ_%\[é _ §V10 + 24
I L, 8V2 V5432
e. S== 16\V/10 + 48
V2 +V3 V2 -3 =
e e 20 — 18
_ 10 6_5(6}_;(” 6 16V10 + 48
2
1V6 - 16
:———41]—‘— :8\/E+24

¢. The expressions in the two parts are equivalent.
The radicals in the denominator of part a. have been
simplified in part b.
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V2 V3 + V38

AN -VE Ve
Ve + 8

 6-8

=-2V3-4

o 2V V27 VB
V27 - VB V2T + V8
V162 + 2V/48

T -3
36V/2 + §V3
=

18V2 + 4\/3
B 23

A7
C.\/ig_ \@

V2 4+2V3
4-2V3 4+ 20V/3
_8V2+ave

16 — 12
=2V2 + Ve
3V2+2V3 Vi + VB
VI2 - V8 V12 + V8
3V24 + 12 + 12 + 2724
12-8
24 + 15V3

d.

3V5  4V3+5V2
“INV3 -5V a3+ 5o

C12V15 + 15V10
48 - 50

12\/_5 +15V10

\/‘Mﬁ VIS + VI
VTRV o V18 + V12
18+ 2V216 + 12

18- 12

30 + 126
6
=5+2V6

Va-2 Va+2
a— 4 \[+2
B a—4
Ca-aVa-2)
1
V-2
\/x+4-2 Vx+4+2
X Vx+4+2

x+4—4

:x(\/x+4+2)
:x(\/x+4+2)

1
w\/x+4~2
c \/x+h—\/,§"v)(+h+\/}
: h Vix + h + Vx

x+h—x

T (VX + h+ Vi)
h

T h(Vx Tk + VA)
1

T Nx St RtV

b.

1.2 The Slope of a Tangent, pp. 18-21

2. a. The slope of the given line is 3, so the slope
of a line perpendicular to the given line is —1.
b.13x — 7y — 11 =0
-7y =~13x - 11
B 1

YTt
The slope of the given line is %, so the slope of a line
perpendicular to the given line is — 3.
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»%_ —d
Joa.m = — (=4)
s (+4)

-7

_ L

17

7
v () = S (<4)
17y + 68 = 7x + 28
Tx = 17y — 40 =0
y

b. The slope and y-intercept are given.

y=8x +6

X
-4 2 4
c. (0. =3). (5, 0)
0~ (—3)
W = ——
5-0
_3
5
o3
y =5 =3)

3x -5y -15=90
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y
4
2_.
vl /
3O 1 7
-2
_.4..

d. The line 1s a vertical line because both points

have the same x-coordinate.
x =35

y >

4

5+ i)’ - 125
g A~ 125

4
h

_ S+ h=5)5 + k) + 5(5+ h) +25)

h

_ h(75 + 15h + hz)

B h

=75+ 15h + h*
(3 + h)* - 81

h
(BRI =9((B+ R+ 9)
h

(9 + 6k + h* — 9)(9 + 6h + h* + 9)

h
(6 + h)(18 + 6h + h*)
= 108 + 54h + 12h* + h®
-1 1-1-h 1

h h(l+h)  1+h

d30+hﬁ~3_%ﬂ+hﬁ—n
) h h

3(1 + 2h+ h* = 1)

h
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302k + hY)

h
=6+ 3h
3 3 12 - 12 = 3k
e'4+/z 4 _ 4@+
h h
=3
44+ h)
Iiate ot
h h
_ h
©2h(2 + h)
1
4+ 2n

VI1e+h -4 16+ h - 16
’ h h(V16 + h + 4)

S.a

1
V16 + h+ 4

P VI Sh+ 4 -2 #+Sh+4-4

h A(VR + 5k + 4+ 2)
h+5
VR +5h+4+2
Vs+h-V5 s+ h-5
h A(V5 + h+ V')
N S
V5 +h+V5
6.a. P(1,3), O(1 + h, f(1 + h)), f(x) = 3x°
_3(1+ h)P? -3
TR
=6+ 3h
b. P(1,3), Q(1 + h, (1 + h)® + 2)
I+ hP+2-3
e h
1+ 3+ 30+ R -1
- h
=3+3h+ h’

¢ P(9.3), 0(9 + 1. V9 + i)
VO+h—-3 V9+h+3

C.

h VI+ h+3
1
N9t A+ 3

1-6

7. a. P Q Slope of Line PQ
(2,8) [ (3.27) 19
(2, 8) (2.5, 15625) 15.25
(2,8) | (2.1,9.261) 12.61
(2, 8) {2.01,8120601) 12.060 1
(2,8) (1, 1) 7
(2,8) (1.5, 3.375) 9.25
(2,8) | (1.9,6.859) 11.41
(2,8) | (1.99, 7.880599) 11.940 1

b. 12

C. (2.8). (2 + h). (2 + h)})
2+ h)Y -8

24 h=2

8+ 12k + 6h7 + 1Y -8
B h
=12+ 6h + K’

d.m = hm(12 + 6h + h?)

h—s{)

m

=12
e. They are the same.
f. %
12+
8
4_

, I
2

8.a.y=3x%(-212)
. 3(=2+hP-12
= hm

h—0 h

C 12 =12k + 3R - 12
= hm

h—0 h
=lim(—-12 + 3h)

h—0
= -12

b.y=x"-xatx=3,y=6
+hY - (3+h) -
o = lim (3 + h) (3+h)—-6
-0 h
. 9+ 6h+ k-3 —-h—-6
= lim
h—0 h

= lim(5 + h)
h—0

=5
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2.y = -8 —2

N ': = hi
(=24 h)+ 8 w4+ h
m o= hm——— |
Ji—et} h —
=8+ 12h—6h'+ h + 8 2
= lim
Ji-—=0) h ey = atx = 3 y = l
= lim(12 — 6/ + h%) R
Jresdd _ ] _ l'
=12 o = limoh S
9.a.v= V- 2:(31) h—0  h
5 _]
L N3+ h -2 -1 = hm-—————o
m= }L’T}) I h—05(5 + h)
[ — — 1
CiVIFR-1T NI+ R+ = -
= hm X 10
freel) h V1+h+ ] 11.a.Lety = f(x).
T S Cf2) =2 -32)=4-6= -2
AV IR fQ+h)y=(2+hy?-3Q2+h)
! Using the limit of the difference quotient, the slope
2z of the tangent at x = 2 is
by =Vy—-Satx =9 y=2 ’ 2+ h) — f(2)
_Vornes o " h
L I i 2P 232 )~ (22)
y Va4 h -2 y VA 4+ h 42 M4 . hé s
= hm > 1 S — AN
fr=0 h Va4 +h+2 = }in?) i
— lim ! . h* + h
=0\/4 § b+ 2 T h
1 = lim (2 + 1)
P h—0
4/‘*—“ =0+1
cov=V5r—latx =2y=3 =1
it
. VIO+5h-1-13 Therefore, the slope of the tangent to
m = lim ) .
fr=st h y=f(x)=x"—3xatx =21l
LAV Sh-3 V9 skt ) b. f(_z):.i%: 2
= lim -
h=0 h VI +5h+3 4
< -7 + =
= Jim ——— flm2+ ) =270
”fo\ 9+ 5h+3 Using the limit of the difference quotient, the slope
_ 2 of the tangent at x = —2 18
° s i (2~ f(=Y)
10 a.v = < at (2,4) 0 h
8 4
5 — 4 —-(=2)
= lim?2 + h - ~2 + h
TS h a P
o A “
- hl}—»](]) 2+ h = lim ____L*;L__w
= -2 hes0 h
o 8 o o {4—4+2h i}
'}/_3+xatx_1">_~ Tl Z2+h h
8 _ 2h ]
T e T =} .-
= s [—2 +h h}
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= ]4
hlir(]') -2 + h

2

~2+0
= -1

4
Therefore, the slope of the tangent to f(x) = at

x=—21is — 1.
c. Lety = f(x).
f(1) =3(1)" =3
f(1+ hy =301+ h)
Using the limit of the difference quotient, the slope
of the tangent at x = 1 is

_ i SO )~ (1)

12

h—0 h

. 31+ hm)Y—-3
= m ———t—

h—0 h

Using the binomial formula to expand (1 + h)® (or
one could simply expand using algebra), the slope m is
h* + 3h? + 3h + 1) -
— lim 3(h" + 3k + 3k + 1) ~ (3)
B0 h
. 3+ 9+ 9 +3 -3
= lim
h—s) h
. 3R+ 9h7 + 9k
= lim
=0 h
= lim (3h* + 9h + 9)

h-0

3(0) + 9(0) + 9

=9
Therefore, the slope of the tangent to
y=f(x)=3"atx = 1is9.
d. Let y = f(x).

f(16) =Vie—7=1V9=3

fl6 + hy=\V16e+h-7=vVh +9
Using the limit of the difference quotient, the slope
of the tangent at x = 16 is

f(16 + h) — f(16)

i

m = him

Ho0 h

. VhA+9-3
= Iim ——

h—0 h
—}im\/h+9—3'\/h+9+3
oo h Vh+9+3

(h+9)-9

= |i
hd h(Vvh +9+3)

h
i
P h(Vh +9 + 3)
1
Im ———
S VE 0+ 3

1-8

3+3

1

6

Therefore, the slope of the tangent to

v=f(x)=Vx—Tatx =16is1.

e. Lety = f(x).
f3)=V25-(3P=V25-9=4

f3+h)y=V25—- (3+h)

= V25— (9 + 6h + h?)

=\V25-9-6h— i

=V16.=6h — h?

Using the limit of the difference quotient, the slope
of the tangent at x = 3 is

WEEDEY©
h

m=1
h—0

V16 — 6h — h° ~ 4

hlir()) h
. - = 2 -
i V16— 6l = - 4
h—0 h

v V16 — 6h — k> + 4
16 — 6h — h* + 4

16 — 6k — B> — 16
= lim
=0 h(V16 — 6h — h? + 4)
h(—6—+
= lim ( )
=0 h(\/16 — 6h — h? + 4)

—-6-~h

= lim =
=0\ 16 — 6h — h™ + 4

-6-0
V16 — 6(0) — (0 + 4

Therefore, the slope of the tangent to
y=flx)=V25 - x*atx = 3is —3.
f. Lety= f(x).
4+8 12
f®) =g— =7 =2
4+ (8+h) 12+h
C8+h)—2 6+h

f(8+ h)

Chapter 1: Introduction to Calculus



Using the limit of the difference quotient, the slope
of the tangent at x = 8 is

(85 h) ~ f(8)

" };]—m h
12 + h
= lim 6+h  °
P h
_ 12+h—-12~2h 1
sk 6+ h h
-h 1

:}' & ——
PN e+ h h

= lim
h-06 + A

Therefore, the slope of the tangent to

y=fU)=i+

12. y
N

X .
satx = 8is -1

._4_
vy = \/25 — x* - Semi-circle centre (0, 0)

rad 5, v =10

OA is a radius.

The slope of OA is §.

The slope of tangent is —3.

13. Take values of x close to the point, then
v

3—‘.

T

determine
14.

Since the tangent is horizontal, the slope is 0.
m(3+h)2«3(3+h,)+1—1

15.m =14

=) h

94+ 6h+H -9 -3h
= lim

hal) h

3k 4R
= lim

h—0 h
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i

lim (3 + h)
h—©

—_ 7
=2

The slope of the tangent is 3.

y—1=3(x-3)

3Bx—-y—8=0
24+ hY -T2+ h)y+12-2

16. m = Im ( ) ( )

1= h

4+ 4h + W — 14 - Th+ 10
= hm

10 h
= 3h R

= lim ——
h—(} h

=lim(— 3+ h)

h—t}
= -3
The slope of the tangent is —3.
Whenx =2,y = 2.
y—2=-3(x-12)
3x+y—-8=10
17.a.f3) =9 - 12 + 1 = —2:(3,-2)
b. f(5) =25 -20+ 1 =6;(5,6)
¢. The slope of secant AB 1s
6 - (—2)
5-3

Map =

N | o

=4
The equation of the secant is
y =y = map(x — xy)
y +2=4(x—3)
y=14x — 14
d. Calculate the slope of the tangent.

flx + h) — flx)

m = lm"-
B0 h
(xR —Ax+ R+ - (- A+ D)
= lim
h—s0 h
P+ 2xh+ R —dx—4dh+1— X +4x -1
= lim
h—0 h
o 2xh + W — 4h
=lim—mMM——
h—0 h
=lim (2x + h — 4)
h—0
=2x+0-4
=2x -4

When x = 3, the slope is 2(3) — 4 = 2. So the
equation of the tangent at A(3, —2)is
y =y =m(x = x;)
y+2=2(x—3)
y=2x—8

1-9



e. When x = 5, the slope of the tangent is
2(5) —4 = 6.
So the equation of the tangent at B(5, 6) is
y =y =mx = x)
y—6=06(x—-5)

y=6x — 24
18. a.

The slope is undefined.

Nod
P

The slope 1s 0.
P

The slope is about ~-2.5.

—

The slope is about

The slope is about —3.
f. There is no tangent at this point.

20
19.D(p) = ————=,p > 1 at (510)
Vp -1
20
e — 1)
tnzlimL’?——-——w
h—0 h
101 2—\/4+hx2+\/4+h
= 10 lim
=0 N4+ 24+V4+h
101 4-4—h
= im
=0 1IN/4 + h(2 + V4 + h)
_ 10
8
_ .2
4
1-10

20. C(r) = 100r* + 4001 + 5000
Slope at7 = 6
C' (1) = 200r + 400
C'(6) = 1200 + 400 = 1600
Increasing at a rate of 1600 papers per month.
21. Point on f(x) = 3x — 4x tangent parallel to
y = 8x. Therefore, tangent line has slope 8.

. 3(h+a)Y—4(h+a)-3(a*+ 4a)
7 i -

. 3h? + 6ah — 4h
lim =8
h-=t) h
6a — 4 =8
a=2
The point has coordinates (2, 4).
22,y = 1 Sx — 4
YT TS

1 1
g(a + h) - ga"

(a + ah + ~h ) a’
h-—»()

(a +h) — (wa)

2 S l e
ah + al- + -h°
3

5 hm — = -5
=0 h
B 4 i__4a+4a+4/7
a+h a ala + h)
4
=3

Iim
n—0ala +h) a
.. 4
m=4a4 -5+ =10
a

a* -5 +4=0
(a? =) (a*—-1)=0
a=*2 aq= *]
Points on the graph for horizontal tangents are:

(~2.%).(~1.%).(1.-%). (2. -3),

5

1
2.y =xand y = 5

_x2:l-x2
2
, 1
Ty
1 -1
_\—2OYX— )

The points of intersection are
11 11

P55, 0(-1.%).

Tangent to y = x*

(a + h)? — a?

m = lm h
i 2ah + R
B /11~r>n() h
= 2q.

Chapter 1: Introduction to Calculus



The slope of the tangentat a = 1is | = mn,.
ata = —lis =1 = n,.

1 Y
Tangents to v = 5 — x=:

[P

- \
[T,

Nk —a)
m = hm =
= h
. =2ah = I°
= lim—
fi—1} 1
= —=2a.
The slope of the tangents at a = 3 is —1 = M,
ata = —%is | = M,
mM, = —landm M, = —1

Therefore. the tangents are perpendicular at the
points of intersection.

24.v = =3¢ = v (- 1.9)

~3(=1+hy =2(=1+h)->5

m = Im :
Ji-—0 h
. ~3(——1+3/z~3/zz+lz")+242/7~5
= }im
P h
=31 +3h -3+ hYy+2-2h-5
= lim
Ji— h
O3 ~9h 9P~ 3+ 2 -2k -5
= Iim -
Ji—0) h
= 11h + 9% - 3K
= him
h—s) h
= lim(—11 + 94 — 3h%)
h—0
= —11

The slope of the tangent is — I,
We want the line that is paralle} 1o the tangent (i.e.
has slope — 11) and passes through (2, 2). Then,
v=2==11{x = 2)
v=-1lx + 24
25.a. Lety = f(x).
fla) = 4a* + 5a — 2
fla+ h)y=4(a+hy +5a+h)-2
= 4(a> + 2ah + h*) + 5a + 5h — 2
= 4a° + 8ah + 4h* + Sa + 5h = 2
Using the limit of the difference quotient, the slope
of the tangent at x = a is

- fla + h} -~ fla)

m =1
e () h
. l4a’ + Sah + 4h* + 5a + 5h — 2
= lim
=0 h
B (4a* + 5a — 2)
h

Calculus and Vectors Solutions Manual

[d4a® + Bah + 4h” + 5a + Sh — 2
ol

Hest) h
- —da® — Sa + 2}
o e
h J
~ 8ah + 4k + Sh
= lim
=10 /7
=lim (8a + 4h + 5)
Jr-al}
= 8a + 4(0) + 5
=8¢ + 5

b. To be parallel. the point on the parabola and the
line must have the same slope. So. first find the
slope of the line. The line 10x — 2v — 18 = 0 can
be rewritten as

=2y = I8 — 10y

I8~ 10x

vE Iy

y= -9+ 5x
y= 5S¢~ 9

So. the slope, m, of the line 10x — 2y — 18 = 0115 5.
To be parallel. the slope at @ must equal 5. From
part a.. the slope of the tangent to the parabola at

X = ais8a + 5.

a+5=25
8a = 0
a =0

Therefore. at the point (0, —2) the tangent line 1s
parallel 1o the line 10x — 2y — 18 = 0.

¢. To be perpendicular, the point on the parabola
and the hine must have slopes that are negative
reciprocals of each other. That is. their product must
equal — 1. So. first find the slope of the line. The
line x — 35y + 7 = 0 can be rewritten as

~35y = ~x -7
R
YTEs

1 7
y = 3gx e
3D 3D

So. the slope, . of the line x = 35v + 7 = 0is 5.
To be perpendicular, the slope al @ must equal

the negative reciprocal of the slope of the line

x — 35y + 7 = 0. That is, the slope of ¢ must equal
—35. From part a., the slope of the tangent to the
parabola at ¥ = g is 8a + 5.

8a +5=-35
8a = —40
a= -5

Therefore, at the point (—5.73) the tangent line is
perpendicular to the line x — 35y + 7 = {.

i



1.3 Rates of Change, pp. 29-31

Lv(t)y=0whenr=0ort =4

(9 — s(2
2. a. s9) - s(2)
points (2, s(2)) and (9. 5(9)).
s{(6 + h) — s(6)

. Slope of the secant between the

b. lim W . Slope of the tangent at the
h—0

point {6.5(6)).
. Na+p -2

3. lim— 7 . Slope of the tangent to the
B0

function with equation y = Vx at the point (4, 2).
4.a. Aand B

b. greater; the secant line through these two points
is steeper than the tangent line at B.

¢ 3y y = fix)
B _.C
[\~

5. Speed is represented only by a number, not a
direction.
6. Yes, velocity needs to be described by a number
and a direction. Only the speed of the school bus
was given, not the direction, so it 18 not correct to
use the word “velocity.”
7.5(1) =320-5°0=1=8
a, Average velocity during the first second:
5(1) — 5(0)
1
third second:
s(3) —s(2) 45-20
1 1
eighth second:
s(8) —s(7) 320 — 245
1 ]
b. Average velocity 3 =1 =8
s(8) —s(3) 320—-45 275
g3 - 5 =5 T 55 m/s
c.s(1) = 320 — 5¢°
2 2
b1y = lim320 =52+ h) — (320 —- 5(2)9)
0 h
. —4h + W
5 hm——r——
-0 h
=-20
Velocity at t = 2 is 20 m/s downward.
8.5(1) =81 (r+2),0=1=5
a.i.fromt=3tw0r=4

Average velocity S(—Q{—i@—)

= 5m/s;

= 25m/s:

= 75 m/s.

i

112

i

32(6) — 24(5)
=24(8 - 5)
= 72 km/h
il. fromt = 3to1r= 3.1
s(3.1) — s(3)
0.1
126.48 — 120
0.1
64.8 km/h
iii. 3 =1 = 3.01
s(3.01) — s5(3)
0.01
= 64.08 km/h
b. Instantaneous velocity is approximately 64 km/h.
c.At =3
s(1) = 8 + 161
v(t1) = 161 + 16
v(3) = 48 + 16
= 64 km/h
9.a. N(t) = 201 — 1
N(3) — N(2)
1
51 -36
1
=15
15 terms are learned betweenr = 2 and 1 = 3.
. 20+ h) - (2+h) - 36
b. Iim
h—0 h
40 + 20h — 4 — 4h — " — 36
= lim
h—>0 h
. 16h — K
= lim ———
h—0 h

lim (16 — h)

h—0
=16
At = 2, the student is learning at a rate of 16 terms/h.
10. a. M in mg in 1 mL of blood  hours after the
injection.

1

M(t) = "grz +50=1=<3
Calculate the instantaneous rate of change when ¢ = 2.
. 2+ nP+ Q2+ h) - (-31+2)
lim —
h—0 h
:hm~j—:—§h~§h2+2+h+§—2

B0 h

. —ih — 3k’
= Iim

=0 h

. ( 1 1;)
= — = i1
e\ 3 3

1

3

il

[

i

I
|-
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Rate of change is —4 mg/h.
b. Amount of medicine in 1 mL of blood is being
dissipated throughout the system.
s
.=/
S
Calculate the instantaneous rate of change when

s = 125.

j125 + h 125

y V5 - N5
hlfinﬂ h
1125 + h
li > =
= lim ————
hl—>0 h
5+ h _ o 15tk .
. S 5
= lim .
= h J125 + &
+5
L 5
125 + h _ 5
. 5
= lim
h—0
h( s+ n 5)
- 5 -
125 + h — 125
_ 5 S
= him
h—0 125+ A )
i h(\,/ S + 5 |
1
= lim
=0 5< 125+ h 5\)
5
B 1
125
5 1122
(\/ s * 5>
B 1
5(5 +5)
_
50

At s = 125, rate of change of time with respect to
height is < s/m.
60
12. T(h) = 7=
Calculate the instantaneous rate of change when

h = 3.

60 _ 60
. 3+ k)y+ 2 (3 +2)
hm
k) k
60
= lim Stk _
k—0 k

Calculus and Vectors Solutions Manual

60 _60+12k
5+ k S+ k

= 1 =
kl-lj(l) k
i - 12k
k=0 k(5 + k)
. —12
TGk
_ 12
5

Temperature 1s decreasing at ¥ eC/km.
13. h = 25¢* — 1007 + 100
When h = 0,257 — 1001 + 100 = 0
F—4r+4=0
(r=2Y =0
r=2
Calculate the instantaneous rate of change when 1 = 2.
- 25(2 + h)? = 1002 + h) + 100 = 0

li
h—0) h

100 + 100k + 25K = 200 — 1004 + 100
= Iim

h—0 h

h—0 h
= lim 25h

h—0
=0
It hit the ground in 2 s at a speed of 0 m/s.
14. Sale of x balls per week:
P(x) = 160x — x* dollars.
a. P(40) = 160(40) — (40)°
= 4800
Profit on the sale of 40 balis is $4800.
b. Calculate the instantaneous rate of change when
x = 40.
. 160(40 + h) — (40 + h)? — 4800
Iim

h—0 h
= lim 6400 + 160k — 1600 — 80k — h* — 4800
hl—>() h
80k — K
=lm—
h—0 h
= lim (80 — h)
h—0
= 80
Rate of change of profit is $80 per ball.
c. ,

Rate of change of profit is positive when the sales
level is less than 80.

1-13



15.a. f(x) = —x + 2x + 3: (=2, —5) For the year 2005, v = 2005 — 1982 = 23. Hence,

. o) - (=) the rate at which the average annual salary is changing
i — | in 2005 is
X+ 2y 4+ 345 P'(23) = 64 — 17.8(23) + 2.85(23)° =
= lim PR $1162 250/ years since 1982
) _ (,\’3 — Oy — 8) 17. .S'(l) = 3
= hm T a. The distance travelled from 0 s t0 5 s is
X =2 X+ 2 _ 5 ~
) (_1. . 4)(_1, + 2) S(D) = 3(5)' = 713 m 7
== hmj—mj;;;*—— b. s(10) = 3(10)° = 300 m
_ —jlhiﬂm_( . — '4)' - The rate at which the avalanche is moving from 0's
R ’ o 10sis
=6 As 300 -0
b. f(x) = vy =2 At ]70 -
. -1 = 30 m/s
i'j—]' -2 ¢. Calculate the instantaneous rate of change when
lim #——— [ =10
=7 X — 2 ) .
Y= 2y + 9 " 3(10 + h)” — 300
= lim-——r P h
=2 (e = Dy = 2) , ;
~(x = 2) - 1 300 + 60h + 30 — 300
= im——————— Rk h
s-2{x = Dy — 2) v ,
= 1 60h + 3h°
PR = nm-—"
c.flx)=Vx+ ILy=24 fi—0 h
. o — 13 ( ' 3
i F) 124 iy (60 % 3)
=24 x = 24 = 60
VI F T -5 VrF1+5 At 10 s the avalanche is moving at 60 m/s.
B R RN i = d. Set s(1) = 600:
¢ - 74 37 = 600
= lim - e =200
o2 (X = 240 (Vi + 1+ 5) l
1 1= *10V2
T Since 1= 0,1=10V2 = 145,

16. 5(x) = 246 + 64x — 8.9x% + 0.95¢°

Calculate the instantaneous rate of change.
S(x + hy — S(x)

- /l;]f?) h
~ lim 246 + 64(x + h) — 8.9(x + 1) + 0.95(x + 1)’ — (246 — 64x — 8.9x7 + 0.95x%)
Ji—0 h
_ 246 246 + 64(x + h = x) = 89(x7 + 2xh + 17— ) + 0950 + 3% + 3xh? + B~ )
a /l,]_r,r(}) h
— lim 645 = 8.9(2xh + h*) + 0.95(3x°h + 3xh* + h?)
h=0 h
=lim[64 ~ 8.9(2x + ) + 0.95(3x + 3xh + h?)]

= 64 — 8.9(2x + 0) + 0.95[3x2 + 3x(0) + (0)]
= 64 — 17.8x + 2.85x
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D
18. The coordinates of the point are ( I) The slope
{

. . i
of the tangent 18 ——
-~ a

. 1 1 2
sy — == —=—(y —g)ory= ——=x + - The
" a as - a- I

-. The equation of the tangent

S
intercepts are ((). :) and (~2a.0). The tangent line

and the axes torm a right tnangle with s of length

Jegs
. . 12
of the triangle 1s 5 ; (2a) = 2.

19. C(x) = F + V{(x)
Cx +hy=F+ V{x+1)
Rate of change of cost s
C Cx+h)y— C(y)
Iim ’
VR h
Vv +h)y - Vi
= lim h.
R h
which 1s independent of F (fixed costs).
20. A(r) = -
Rate of change of area is
Alr + h) — A(r)
il
By} h
om(r + hyY — ot
lim
h) h
S (rFEh =Nyt h+r)
7 him

i —4 h

2

?1 and 2a. The area
{

i

= 2mr

r=100m

Rate is 2007 m*/m.

21. Cube of dimensions x by x by x has volume
V = x*. Surface area is 6x°.

1 .
= 5 surface area.

22. a. The surface area of a sphere is given by

A(r)y = 4mr.

The question asks for the instantaneous rate of

change of the surface when r = 10. This is
A(10 + hy — A(10)

Vi(x) = 3x7

m
J1=0) h
47 (10 + h)* — 4w (10)
= lim
J1—0 h
. 4w (100 + 204 + 113) — 47 (100)
= Iim
H) h
4007 + 80wh + 4wk — 4007
= hm
-} !7
0mh + dwh’
=lm—
h—0 h
= lim (80w + 4wh)
fr 0

Calculus and Vectors Solutions Manual

= 8t
= 807
Thﬁre ore. the instantaneous rate of change of
the surface area of a spherical balloon as it is
inflated when the radius reaches 10 cm 18

+ 4 (0)

807 cm?/unit of time.

b. The volume of a sphere is given by V(r) = imr,
The question asks for the instantaneous rate of

change of the volume when r = 5.

Note that the volume is deflating. So, find the rate

of the change of the volume when r = 5 and then

make the answer negative to symbolize a deflating

spherical balloon.

o V(s +hy = V(S)

hm

J1eenl) h

= lim - e
i} /1

Using the binomial formula to expand
(5 + h)* (or one could simply expand using
luebm) the limit is

(/7 + 15K + 75h + 125) — :‘TT(S)‘

= lim° ;

bt} 17

ARt 20wk + 1007h + o 125)
= hm- ;

h—0 /?

- 3w(125)
h

_Awht 4+ 20wkt + 1007h
= hm

h—0 /;

. (4 \
= lim| —wh” + 20mh + 1007 )

f1—1) ¥

4 .\
= =7 (0) + 207 (0) + 1007

ol
= 100w
Because the balloon is deflating. the instantaneous rate
of change of the volume of the spherical balloon when
the radius reaches 5 cm is — 1007 cm?/unit of time.

Mid-Chapter Review pp. 32-33

1. a. Corresponding conjugate: V3 + V2.
(V3 = V2)(V5 + \V2)

= (V25 + V10 - V10 - V4)
=5-2

=3

b. Corresponding conjugate: 3V5E - 2V2.
(3V5 + 2V2)(3V5 - 2V2)

= (9V25 — 6V10 + 6VI0 — 4V4)

= 9(5) ~ 4(2)

=45-8

=37
1-15



c. Corresponding conjugate: 9 — 2V5.
(9 +2V5)(9 - 2V5)
= (81 — 18V5 + 18V5 — 4V25)

= 81 — 4(5)
= 81 — 20
= 61

d. Corresponding conjugate: 3V5 + 2V10.

(3V5 - 2V10)(3V5 + 2V10)
= (9V25 + 6V350 ~ 6V50 — 4V100)
= 9(5) — 4(10)
= 45 - 40
=5
6+ V2 V3

V3 3
_6V3+ V6
B V9
6V3 + V6

3

2V3+4 3

V3 V3
2V9 +4V3

5 V7 + 4
“Vi-4 Vi+a
B S{vi+4)
V49 + 4T - 4T - 16

q 2V3 V342
"V3-2 V3+2
B 2V9 +4V3
V9 +2V3-2V3 -4
6 +4V3
 3-4
_6+4V3

-1
~2(3 + 2V3)
. 5vV3  2V3 -4
2V3+4 23 -4
3 10V9 - 20V3
C4V9 - 8V3+8V3 - 16
30 -20V3
T 12-16

I

1-16

30 -20V3
-4
10V3 - 15

2
¢ 3vV2 2V3+5
2V3 -5 2V3+5
B 3IV2(2V3 + 5)
~4V0 + 10V3 - 10V3 — 25
_3V2(2V3 +5)
© 4(3) - 25
_3V2(2V3 +5)
 12-25
_3V2(2V3 + 5)

-13
_3V2(2V3 +5)

13
V2 V2

75 A

s NT+4
VA +4VT - aVT - 16
a 5(V7 + 4)
_71-16
TS5(VT + 4)
B 9
T 5(VI+4)
d2\/§—5_2\/§+5
T3V2 2V3+5
~4VO +10V3 - 10v3 - 25
- 3V2(2V3 + 5)
_4(3)-25

T 3V2(2V3 + 5)

. 12-25 13
T3V22V3+5) 3V2(2V3 + 5)
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V3 - VT V3I+HVT
4 3+ VT
VO 4 V2T - V21 - V4D
B 4(V3 + V)
o 3-7
4(V3+ V)
4
4(V3+ V)
1
T (V3EVT)
f2\/§+\f7_2\/§—\/7
) 5 2V3 - \V7
4V - 2V21 + 2V21 — V49
5(2V3 - V7)
4(3) =7
5(2V3 = V7)
12-7
52V3 = V7)
1

e.

BCYCERY)
2

4. a. m = -
3

2
y-6=—5x =0

c. m =4
y—6=4(x —2)
y—6=4x — 8

—dx+yv+2=20

4y —y=-2=10

d. m =

Calculus and Vectors Solutions Manual

~l'+ +2-(‘)
s T s
1 9
—x—y-——-=0
5 75
x—=S55—-9=140

5. The slope of PQ is
i fA ) - (-1
= lim
L (1+h) -1

=1+ h)y 41
lim ———————
h—{) h

o =1+ 2+ R+
= lim

h—s) h

=1 =2h -k
= hm

=) h

o =2h -~k
= lim —————
Ji—1) h

= lim(~2 ~ h)

0

= =2 - (0)

= -2
So, the slope of PQ with f(x) = —x"is —2.
6. a. Unlisted y-coordinates for Q are found by
substituting the x-coordinates into the given function.
The slope of the line PQ with the given points is
given by the following: Let P = (x,.y;) and

i

Q = (y,,y,). Then, the slope = m = 1-—:—%—1
P Q Siope of Line PQ
(-1 (=2,6) =5
(-1, 1) (—-1.5,3.25) ~4.5
(-1 1 (—1.1,1.41) -4
(-1 N0 {—1.01,1.0401) -4.01
(-1.1) | (—~1.001,1.004 001) ~4.001
P Q Siope of Line PQ
(-1 (0, - 2) -3
(=1, 1) (~05, ~0.75) ~35
(-1, 1) (~0.9, 061 ~39
(-1, 1) (—0.99, 0.9601) -3.99
(=1, 1) | (-0.999,0.996 001) —3.999

b. The slope from the right and from the left appear
to approach —4. The slope of the tangent to the
graph of f(x) at point P is about —4.

¢. With the points P = (—1,1) and

O = (—1+ h f(—1+ h)), the slope, m, of PQ is
the following:



Yoy , 4

mo= — .y = flx) = B
Uty 2=+ - 21 - (1) [0+ )~ f(6)
(—1+h)=(-1) S
=2+ h+ 220 -2~ ] 44
B -1+ h+1 :Hn]6+h—2 6 -2
h® — 4h i) h
- 4
! . h+4 4
=h -4 = lim =——
1=}
d. The slope of the tangent is lim f(x). 4
h S 1
In this case. as 11 goes to zero, h — 4 goes to = lim L +3
h—4=10-4= —4 The slope of the tangent to ey ’ h (
the graph of f(x) at the point P is —4. = lim (i;(h_l:ﬂ>l
e. The answers are equal. AR h
(=3 + h)y— f(—3
Toaom = im0 2 1(23)
B h
_ (=34 Ry +3(=3+h) = 51— [(=3) +3(-3) — 5]
/112?) h
9 =6h+hT =9+ 38 -5~ (9-9-5)
= lim
hs0) h
h* = 3h -5~ (-5
_ hm_ 1 50t / ( )
h—t; . i l < _h )1
37— = hm -
= Him J 3h h—o\h + 4 /h
h—0 h —
= 11 — = I } S ——
pmth = 3) o+ 4
=03 o
= -3 C0+4
i i
b. s £ X = = ——
yEja) = )
¢+ h) - e S5+ h) -~ f(5
m = lim 16+ h) ~1G) d.m= limf( Y = 1)
hl) h =0 h
! 1 . VS+h+4-\5+4
: -7 = hm
i 2 +h 3 0 h
B hlg]) h . NI+ h—\V9
A | =lm-——
G) - G+h) =) h
o+ h) . V9 +hR-3
= lim — = lim ——
) h 0 h
. -k \1 V94 A ~-3 NI+ R+ 3
= ——— | = lim .
,],l_rf?) Y+ in/h h=0 h VY 4+ h+ 3
_ 1 _hm9+h+3\/9+h—3\/9+h—9
- ,1,1_‘3% +in =0 (VI + h +3)
-1 . h
_ = lim
})4_%(()) /1—»(}11(‘\/9’;“11’*‘3)
= -9 1

= ]' e
P NO TR+ 3
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1

VY0 +3

1

6
8.5(1)=61(r + 1) =61 + 61

. . 5(3) — 5(2)
a. i. average velocity = —————
- ; 3-2

= [6(3)" + 6(3)]- [6(2)" + 6(2)]
= 6(9) + 18 = (24 + 12)
= 54 + 18 — 36
= 36 km/h

s(2.1) = 5(2)

ii. average velocity =
= ; 21 -2

3 {6(2.1)3 +6(2.1)] — {6(2)2 + 6(2)]
N 0.1
(2646 + 12.6] - [24 + 12]
- 0.1
3906 = 36
S0
_3.06

0.1

- = 30.6 km/h

. s(2.01) — s(2)
iii. average velocity = ——————=

201 =2
_____ (6(2.01) + 6(2.01)] - [6(2)° + 6(2)]
0.01 X
1242406 + 12.06] — [6(2)° + 6(2)]
0.01

363006 — [24 + 12]

0.01
363006 — 36

0.01
_ 0.3006
0.01

= 30.06 km/h

b. At the time ¢ = 2, the velocity of the car appears

to approach 30 km/h.
f@2+h) - f(2)

¢. average velocity =

(2+h)-(2)
62+ 1)+ 62+ )]~ [6(2)° + 6(2)]
_[6(4 +4n + h?) + ;12 + 6h) —[24 + 12]
_ (24 + 24h + 6h° + ?2 + 6h} — 36
_ 6h* + 30h + 36 h— 36

h

Calculus and Vectors Solutions Manual

_ 6h° + 30h
B h
= (6h + 30) km/h

d. When 1 = 2, the velocity 1s the limit as h
approaches 0.
velocity = lim (6 + 30)

h—{
= 6(0) + 30
= 30

Therefore. when 1 = 2 the velocity is 30 km/h.
9. a. The instantaneous rate of change of f(x) with

respect to x at x = 2 is given by

f2+h) — f(2)
m

Bt} l?
5= @+ h)-15 - ()Y
= him -
h—{ 17
S —(4+4h+ k) -1
= Iim
hest) h
L S—4-4h—-h -1
= Iim
h—) h
. —h?—4h
= hm —
h—0) h
=lim(~h — 4)
-0
=—(0)—4
= -4 ;
b. The instantaneous rate of change of f(x) with

respect to x at x = 3 is given by

Iim

fG+h) = fG)

P h
3 3
i+ h
= lim -
h—0 }7
3 -6
R
= lim ~
h—0 h
i 3~ 6(% +h)y 1
= m——-——_—-—————‘ Pg—
P S+ h h
- 3~-3-06h i
T s+ h h
. —-6h 1
= lm-—""-
ho03 + h h
= Jim ——
I:Ln(l)% + h
=6
140
=—-12
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10. a. The average rate of change of V(1) with
respect to 7 during the first 20 minutes is given by
f(20) — f(0)
200
~[50(30 — 20)7] ~ [50(30 ~ 0)7]
- 20
5000 — 45 000
20
40 000
20

= —2000 L/min
b. The rate of change of V(1) with respect to t at the

time 1 = 20 is given by
. (20 + h) — f(20)
lims

f->0) i

- lim [50(30 — (20 + h)):j - [50(30 — 20)2}
h—0 h

_ (50010 — h)] — [50(10)7]

a /,1.}33' h

~ lim [50(100 — 20h + h)) - [50(100)]
h—0 i1

_ .. 5000 - 1000A + S0h” — 5000

B 1,1(]) h

_ y SOB 10007
Ji—s) h

= }inz 50k — 1000

= 50(6) — 1000

= —1000 L/min
11.a. Lety = f(x).
f(Ay=M@yY+@)-3=16+1=17
fG+h)y=(@A+hy’+@4+h -3
=16+ 8h + h* + h + 1
=h’+ 9h + 17
Using the limit of the difference quotient, the slope
of the tangent at x = 4 is
4+ h) — f(4)

m=1
10 h

h? 4+ 9 + 17 - (17)
= lim
=0 h
. h "+ 9h
= lim
h—0

= lim (h + 9)

h—0
=0+9
=9
Therefore, the slope of the tangent to
y=fx)=x"+x—-3atx=4is9.

1-20

So an equation of the tangent at x = 4 is given by
y =17 =9(x - 4)
y— 17 =9x — 36
-9 +y—-17+36=0
9% +y+19=0
b. Lety = f(x).
f(=2)=2(=2Y -7=2(4)-7=1

f(=2+h)y=2(-2+hy} -1

=2(4—-4h +h) -7
=8 —8h+2h* -7
=2h* - 8h + 1

Using the limit of the difference quotient, the slope

of the tangent at x = 4 is
— + . —_

m = llm f( 2 h) f( 2)

fi0) h

2hn* - 1 -

fim 2 8h+ 1~ (1)

h—0 h

. 2h* — 8h

m

=1
h—0 h

= lim (2h — 8)

h—0
=2{0) - 8
= -8
Therefore, the slope of the tangent to
y=flx)=2x—Tatx = —=2is —8.
So an equation of the tangentatx = —2 -
is given by
y—1=-8(x—(-2)
y—1=-8x—16
Bx+y—~1+16=0
8c+y+15=0
c. f(—1)=3(-1 +2(-1)-5=3-2-5
= —4

il

f(=1+h)y=3(-1+hP+2(-1+h) =5

=3(1-2h+h)—-2+2h-5
=3~ 6h + 3h> — 7 + 2h
=3h* - 4h — 4
Using the limit of the difference quotient, the slope
of the tangentatx = 4 is
. + — —
m = him fz1+h) = f(21)
PN h
. 3hP—4dh — 4~ (—4)
= lim
h—0 h
. 3h* — 4h
= lim ————
h=>0 h
= lim (3h — 4)

h—0
= 3(0) - 4
- —4
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Therefore. the slope of the tangent to
y=fx) =3+ 2x — Satx = —1 is —4.
So an equation of the tangent at x = —4 is given by
v (=4) =S4 - (=)
y+4=—4x+1)
y+4=—-4x -4
dy+y+4+4=0
4y + vy +8=90
d. f(1)= ( Yy -8(1)+3=5-8+3=0
f(1+h)y=51+hyF-=81+h)+3
=5(1 +2h+h)—8—-8h+3
=5+ 10h + 5h* = 5 - 8h
= Sh™ + 2h
Using the limit of the difference quotient, the slope
of the tangent at x = 1 is

f(1 +h) —f(1)

W

m = lim
Ji—0 h
. OSKhY 4+ 2h - (0)
= hm e
Ji—t) h
= lim(5h + 2)
fi—(}
= 5(0) + 2
=72

Therefore. the slope of the tangent to
yo=fx) =57 =8 +3atx=1is2.
So an equation of the tangent at x = 1 is given by
y—0=2(x—1)
v=2x — 2
-2x+y+2=0
12.-a:- Using-the-himit of the-difference-quotient, the
slope of the tangent at x = —51s

J(=5+ /7) - [(=5)

m = hm*
h—tf)
( -5 +h -5 \) 1
= lim — . —
- 5+ h ﬁ" "5 + 3 h
3 ( 5+ h > l
- /:Hn 2+ h h
( 10+ 28— (=10 + 3/:)) 1
= him —
) —4 + 2h h
” (—l()+2h+10—wh> 1
= lim —
h—{} "4 + 2;1 h
< -3h
= hm
hl—~() + 2
‘il )
“71i?] 4“ 2
. 2(0)
3
4
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Therefore the slope of the tangent to

f(r)~ jatx = ~5is3.
So an equatxon of the tangent at x = 1 is given by
5 3
g — — = — — (-5
yo o= (79)
. 5_3’+E
YT T
N 10 15
by — =
YT 4T
B S
&7

-3x +4y—-25=0
b. Using the limit of the difference qumxem the
slope of the tangent at x = —1is

(CEDEC

m = lim
h—0
 m ( ~l+h)+5 2(~1)+5>'1
h0\S5(—1+h)—-1 5(-1)—=1/ #h
B 2+2n+5  —2+5) 1
"h_,o( 5+ Sh—1 -5- 1)?
-5 0)
- ;Ho S5h - 6 n
B 2h ) 1
B h_m(Sh - 6 " h
_ 41141—6+5h—6)*1~
- M< 10h—12 ) h
- Ho(mh - 12) h
N h—»()(l()h - 12)
-y
T 10(0) - 12
9
T2
3
T4
Therefore the slope of the tangent to
flxy = Satt——lxs-—-
So an equation of the tangent at x = —j 3 is given by
1 3
y - (—5) = —J = (1)
palo 33
2 4 4
4y +2=-3x -3
3x+4y+2+3=0
3x +4y +5=0
1-21



1.4 The Limit of a Function,
pp. 37-39

27
La =l
%99

b. 7

2. One way to find a limit is to evaluate the function
for values of the independent variable that get
progressively closer to the given value of the
independent variable.

3. a. A right-sided limit is the value that a
function gets close to as the values of the
independent variable decrease and get close

{0 a given value.

b. A left-sided limit is the value that a function
gets close to as the values of the independent
variable increase and get close 1o a given

value.

¢. A (two-sided) limit is the value that a function
gets close to as the values of the independent
variable get close to a given value, regardless

of whether the values increase or decrease
toward the given value.

4.a. -5

b.3+ 7 =10

¢. 10° = 100

d. 4 - 3(-2)Y = -8
e. 4

£.2°=38

5. Even-though f(4)-= — 1. the limit-is I, since that
is the value that the function approaches from the
left and the right of x = 4.

6.a.0

b. 2

c. —1

d.?

7.a.2

b. 1

¢. does not exist

8.a.9- (-1)>=8
0+20 . n

ey f = V4

Vo+s
e\V5-1=V4
1-22

-4 -2 9 2 3

10. a. Since 0 is not a value for which the function is
undefined, one may substitute 0 in for x 1o find that
lim x* = lim x*

REeti =0

= (0)*

=)
b. Since 2 is not a value for which the function is
undefined, one may substitute 2 in for x to find that
lir? (x7 = 4) = lim (x7 — 4)
R R

=(2) — 4

=4-4

=0
¢. Since 3 is not a value for which the function is
undefined, one may substitute 3 in for v to find that
lim (x? — 4) = lim (¥ — 4)

3
=(3) 4
9 -4
=35
d. Since 1 is not a value for which the function is
undefined, one may substitute 1 in for x to find that

S

\lir? x—-3 ]\Er: x—3
1
T1-3
1
T2

e. Since 3 is not a value for which the function is
undefined, one may substitute 3 in for x to find that

. 1 . 1
x}f?‘ x+2:.{-l—>n;x+2
1
342
1
o5

f. If 3 is substituted in the function for x, then the
function is undefined because of division by zero.
There does not exist a way to divide out the x — 3 in
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. . 1 . .
the denominator. Also. Iim T approaches infinity,

v—3 3
. . I . R
while lim = approaches negative infinity.

R

. . . i . ! . 1
Theretore. since m —- - # lim —, IIm ——
P rsd XT3 3y

does not exist.
11. a.

lim f(x)# lim f(x). Therefore.

pome e |

not exist.

b. Y

lim f(x) does
-}

[

lim f(x) = lm f(x). Therefore, im f(x) exists and

v 2

is equal to 2.
C. 37

X2

hm f(x) = lim f(x). Therefore, lim f(x) exists and

is equal to 2.

Calculus and Vectors Solutions Manual

lim f(x) #

v (87

does not exist.
12. Answers may vary. For example:
a. o
4~

lim  f(x). Therefore, hm f(x)

x5 R N

i
Q0
!
O -
!
I -
|
e
(@]
[
=S
o~
o

4

24
X

\‘—[_-l‘l -T O
8-6-4-20)
—4 5

13. f(x) = mx + b

24 6 8

limf(x) = -2 m+b=-2
xel
limf(x) =4 —-m+b=4
X1
2b =12
b=1m=-3

1-23



M. f(x)=ax* +bx+c,a# 0

fG)y=0 c=10
Iimf(x) =5 a+b=2>5
x—!
‘h'm f(x)=8 4a—-2b=28
6a = 18
a = 3, b=2
Therefore, the values are ¢ = 3. b =2,and ¢ = 0.
15. a. %
10
8_.
6..
2...
X
-4-20 2 4 6 81012

b. | 1mp1)—3+——(6)

=6
:3+-~
12
=3+3
=6

1
lim p(1) =2 + ~—(6)2
6"

=2+ 36
18

=2+2

=4
¢. Since p(t) is measured in thousands, right before
the chemical spill there were 6000 fish in the lake.
Right after the chemical spill there were 4000 fish
in the lake. So, 6000 — 4000 = 2000 fish were
killed by the spill.
d. The question asks for the time, 1, after the chemical
spill when there are once again 6000 fish in the lake.
Use the second equation to set up an equation that is
modelled by

1
6=2+ =1
18
1
4 = —f?
18
2=r
V75 =1t

(The question asks for time so the negative answer
is disregarded.)

So, attime 1 = V72 = 8.49 years the population
has recovered to the level before the spill.

1-24

1.5 Properties of Limits, pp. 45-47
1. lirr?)(f% + x) and ]»in}(,\' + 3) have the same value,

but lim3 + x does not. Since there are no brackets

x-2

around the expression, the limit only applies to 3,
and there is no value for the last term, x.
2. Factor the numerator and denominator. Cancel
any common factors. Substitute the given value of x.
3. If the two one-sided limits have the same value,
then the value of the limit is equal to the value of
the one-sided limits. If the one-sided limits do not
have the same value, then the limit does not exist.
4. a. 3(2)
242
b. (1) + (-1 + (=1)* =1

1 ]° 1V
c. \/§+~—} :<3+~>
{ V9 3
100
9
d. 7)Y + 7°Q7) - 5S7° =87 + 27 - 577
= §7°

\/3+W~\/

lﬁ3_,3 \/—'W
2( 3)+4

(=2)
. a. = -2
5.a 55
b2 _ 2
VIT1 V3

=V2

6. Since substituting 1 = 1 does not make the
denominator 0, direct substitution works.
1-1~-5 =5

6-1 5
= -1
44— . (202 + )
Toadime s = im e,
= lim(2 + x)
X2
=4
2P+ 5x+ 3 (x + 1)(2x + 3)
b. lim —————— =
x— -1 X+ 1 ] x +1
=5
Xt =27 (x = 3)(x* + 3x + 9)
¢. im——— = lim -
-3 x — 3 s x—=3
=94+9+9
=27
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. 2—\/4+1 2+\/4+\
d. hm
x=0 x 2 + V4 + x
I -1
= lim —————
=02+ V4 + x
)
ol Vi -2 y V-2
im = lim
i x =4 s (V= 2) (Va4 2)
_1
4
£ V7TI—-x=V71+x \/7—\+\/7+\
. lim
y—0 X \/7—x+\/7+\
i T—-—x-7—-x
= lim
=0 x (VT — x + V7 + x)
__ b
V7
V-2
8. a. im———
-8 X — 8
Let u = Vx. Therefore, u® = x as x — 8, u— 2.
Here, lim =% = lim
e, = lim ————
er "\-Lz W -8 s +2u+4d
_ 1
12
b. lim 27— x Letx' = u
x—27 X:' - ¥ = “?
=27 x—27. 14— 3.
= lim
3 U — 3
lim (u — 3’ + 3u +9)
= —lm
=3 U — 3
=—{(9+9+9)
= =27
i Xt =1 = x=u
Cxl-r,rfxﬂl x—=1l,u—1
4~]
= lim
x—1 Ll - 1
-1
= lim (1)

ot (= D@+t Fut )

6
: '
x&e—~1 Let x* = u
et X5 — 1 u(’ =x
w1 P =
=lm — X =
=t u” 1 Asx—l,u—1

Calculus and Vectors Solutions Manual

u -1
= lim
oot (1~ D) + 1)

P | =

Vy =2

e lim —=— Let \ = u
r—d \/\ — 8 \ — ”3
= lim ““” 2 y—=4 u-—2
=2 10— 8
i u-2
= hn
L} (v — 2Y(? + 2u + 4)
_ 1
12 ’
£ lim,(;x___*___g_);t_z Let{x + 8 =u
r—i} X RY 4 8 e “";
lim u;— 2 x=u —8
2t — 8 Yy —0,u-—2
_ 1
12
16 — 16
64 + 64
6 —-16
16 - 20 + 6
X+ x Cox(x+ 1)
¢. hm = hm ——"
st X+ 1 -1 X+ 1
= -1
S Vx+1 -1 S Vx+1 -1
d. hm = lim
x—0 X -0 X+ 1 — 1
_ lim Vx+1-1
‘“”(\/\ 1-D(Vx+1+1)
_1
2
o (x + h)? =X 2xh + h?
e. im———— = lim———
h—0 h -0 /I

= 2x

£ ( ] )( 12 )
',\-I-rfllx—l x+3 3x+5

. ( 1 >(3x +5—=2x — 6>
= lim -
—\x — 1/\(x +3)(3x + 5)

, 1
= T ) Gr + 9)
_

4(8)

1

Y
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X~ 5]

(o) L (=2 )

lim =
2 v — 2] X2 (x = 2)
= lim ~ (x + 1)
= =3
y ;
4
2+
x
SI N T
~2—\
...4_
d. v+ 2| =x+2ifx> -2

= —(x+2)ifx < =2
(x + 2)(x + 2)?

i S 2y <0
. (x+ ) (x +2)
lim = {)

P =~ {x + 2)

2 4
i1. a.
AT T v AV
~40 | 19.1482 —n ]
20 1.6426
~20 | 207908
20 1.6426
0| 22.4334
20 1.6426
20 | 24.0760
20 1.6426
40 | 25.7186
20 1.6426
60 | 27.3612
20 1.6426
80 | 29.0038

10. a. lim does not exist.
x5 X — C
.1y — 5] . ox =35
Im —— = |
\-]P x—35 r_l{sn x—35
=1
. lx—=5 (x - 5)
lim——— = | -
\ing X — 5 xir? X — 5
= -1
1Ty
2_
14 ey
X
R B
+ O
_..2_
2x — S{{x + 1
b. h'mI ! |(x ) does not exist.
2x = 5| =2x -5 r>§-
: | S =7
X = 5)(x +
!im(h ) 1):x+}
2x =5
N ) . 5
Zx = 5= - (2x = 5).x < 5
(2 = 5y (x + 1)
1 : = —{(x + ]
okt 2% -5 e+ 1)
54 7
4..
2_
X
-4 -2 2 4
_2_
_4_
L Xt x -2 L {x =2y x+ 1)
c. ] =]
-2 T o7
x = 23(x +1 x—=2¥x +1
i L DE D)= 2+ )
2" x — 2§ 2" x =2
= Jimx + 1
x—»2"
=3
i-26

AV is constant, therefore 7 and V form a linear

relationship.

AV
b.V=-—1-T+K

AT
AV 1.6426
— = ————= (082 13
AT 20 0.082
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V=0082 137+ K
7=0 Vo= 224334
Therefore, k = 22.4334 and

V = 0.082 137 + 22.4334.

V - 224334
¢ T=—
0.082 13

d. lim7T = —273.145

v—sl}

€. Vv
12 1

10 4

0 2 4 6 8 10 12

o 4
12. hm—~~—

13. limf(x) = 3

yesd

a im[f(x)] = 3 =27

A

b.

lenﬂﬁl‘_—M*L = lim (flx) — )(flx) + )

4 flx) + x 4 filx)y +x

1m(f vy - x)

e limV3f(x) — 2x =V3x3-2x4

X3

14. limm =1

=0 X

b. lim- [x) = lim [
=-0g{X)  1—0 g(\)

a0 ,\Hn }
(x
X

Calculus and Vectors Solutions Manual

15. hm]—r(—i—)* = 1 'dﬂd hmf(\‘) 2

xf) X ¥ {}

i

a. limg(x) = lixn.\‘(‘g(\\'_“)) =0 x2

a0 v —21)
= {}
| /‘l’ v)
. fx) -]
b. Iim = him; ,:—
_\’-o(}g X \ﬁﬂvf“‘ 2

16. lim—e s~ YL T
x—t) \.""\ + 4 - \/"’2.\' + 4

i

VA F T - V2
Iim ; 7 -
O VA e i V2 + 1

Vi + 1+ V2 + ]

V33x 4+ 4 - V2 + 4

Vix + 4+ Vv + 4]

VAx + 4+ V2 + 4]

(x+1-2x—1) " V3 + 4+ V2x + 4]

= hm |-z = X
Gyt a -2 —d4) VAl V2x+
2+ 2
1+
= =2
S — 11
17. lim--——,—i——,—*—
Ko vy — 1
r— 1" v~ Il=x—1
¢y -2 (v+(x - 1)
x -1 x =1
RS L S AL B
lim——————— =3
x—=ljlx—1l=—-x+1
X=X Cox{x — 1)
lim - = hm-
sl — X+ ] vl =X+ ]
= —1

Therefore, this limit does not exist.

Y {
44
2A
X
aoa2 O\, 2 4
-2
—4
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1.6 Continuity, pp. 51-53

1. Anywhere that you can see breaks or jumps is a
place where the function is not continuous.

2. It means that on that domain, you can trace the
graph of the function without lifting your pencil.
3. point discontinuity

Y
104
8_.
6_
4_
2 hole
X
T 1 H T >
-2 2 4 6

Jjump discontinuity
Ny

6+ {'\)
N

\—I O
29 2

-
O

infinite discontinuity

N
104 |
84 I
1
64 h
1
1
2_ H
] §k\.k X
A 1 T T T
1023
! vertical
—4] ; asymptote
I

4. a. x = 3 makes the denominator 0.

b. x = 0 makes the denominator 0.

¢. x = ( makes the denominator 0.

d. x = 3 and x = —3 make the denominator 0.
ex’+x—6= (x +3)(x-2)

x = —3 and x = 2 make the denominator 0.

f. The function has different one-sided limits at x = 3.

1-28

5. a. The function is a polynomial, so the function
is continuous for all real numbers.

b. The function is a polynomial, so the function is
continuous for all real numbers.

c.x’ = 5¢ = x(x — 3)

The is continuous for all real numbers except

0 and 5.

d. The is continuous for all real numbers greater
than or equal to —2.

e. The is continuous for all real numbers.

f. The is continuous for all real numbers.

6. g(x) is a linear function (a polynomial),

and so is continuous everywhere,

including x = 2.

7. 7

The function is continuous everywhere.

8. X 1%
\4—
2

3

DR I R
-2
_4_.

9. 5y

X
400 600

O
[
S A
(@}
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2-x-6
10. lim f(x) = lim—————
3 R X — 3

o (x =3 x+2)
= lim——m————
r—3 X — 3
=5
Function is discontinuous at x = 3.

11. Discontinuous at x = 2
Y

4 4

x+3afx#3

12.¢(x) = —
§(x) {2+Vkﬁx:3
g{x) is continuous.

2+ Vk =6
Vk =4 k=16
13.
1ifx <0
flx)y =14 0,ifx=0
1.ifx >0
a. Y
4
2_,
———>
X
;4 2 9 2
_.2._
_4..

b. i. From the graph, lim f(x) = — 1.
x—f)
ii. From the graph, lim f(x) = 1.
"

iii. Since the one-sided limits differ, limf(x) does
not exist. =0

c. fis not continuous since lim f(x) does not exist.
x>0

14. a. From the graph, f(3) = 2.
b. From the graph, lim f(x) = 4.
r—37

c. limf(x) =4 = hrgl f(x)

x—3

Calculus and Vectors Solutions Manual

Thus, lim f(x) = 4. But. f(3) = 2. Hence f'is not
r—3
continuous at ¥ = 2 (and also not continuous over
-3 < x <8).
15. The function is to be continuous at v = | and
discontinuous at x = 2.
{4.\' - B

i T.if.\’ =< 1
X — 2
flx) = L ifl<x<?2
Bx’— A iffx =2

For f(x) to be continuous at v = 1:
A(1) - B

=5 W)
A(l)y - B=-3

A=B-3

For f(x) to be discontinuous at x = 2
B(2) — A # 3(2)

4B — A # 6

If4B — A > 6. then

4B~ (B —-3)>6

if 4B — A < 6. then
4B - B+ 3 <6

3B+3>6 3B+3<6
3B>3 3B <3
B > 1 and B <1 and
A > -2 A< =2

This shows that A and B can be any set of real
numbers such that

(hWA=B-3
(2)4B - A# 61 B> 1.thenA > —-2if B <1,
then A < ~2)
A ="1landB-= — 2 isnotaselution-because-then

the graph would be continuous at x = 2.
—xif —3=x=-12

16. f(x) = < ax® + bif —2<x <0
6,ifx =20
atx=—2.4a+ b =2
atx =0,b = 6.
a= -1
—xif —3=x= -2
flxy=9—-x"+b.if —2<x<0
6,1f x =0
ifa=—-1,b= 6 f(x)is continuous.
xjx — 1} .
17. g(x) = “;T*l"*.lf x # 1
0,if x =1
a. ‘li.n]l gla) = —1 limg{x)

limg(x) =1 |

x-a1"

limg(x) does not exist.
X1
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g(x) is discontinuous at x = 1.

Review Exercise, pp. 56-59
Loa. f(=2) = 36, f(3) = 21

21 = 36
no= e
3-(-2)
= -3
b. f(—1) = 13, f(4) = 48
48 — 13
m o= — -
4= (-1
c.f(l)y= -3
S(3 4 2h + k) - (—3
#t = lim Ur2neh)= (=3)
fi-={) h
. 2h+ 0
= Iim ————
[ h
=lm2+ h
h—s0)
=2
yo(=3y=2{x - 1)
2c—y=5=0
2oaf(x) = — P(2.1)
Fa ) = T P2
m o= 11
h
= lim ~ ———
[N 3+ h
1

b.g(x) = Va4 2. P(—1.1)

V-=1l+h+2-1

m = him
Ji 13 h
. Vh+1-1 VhE+1+1
= lim o
hin X Vh+ 1 +1
Iim Ml
= ] B w—————
-0V 4+ 1+ 1
1
T2
1-30

|

2 2
¢ fi{x) = viT T P 4.;

2
Vi 4+ hF5

[FSE RN

m = lim
Ji-=t) /7

{va9+hx3+v9+hJ
3V + h 34 V9 + h

=2 hm
J1—0

1
h’i’?){ 3VO + (3 + VO + h)J
2

© o 9(6)
1

27

5 5
d. flx) = ——. P(4. 5)
5 5

4+ h-2 2
m = lim—m—————
st h
10 =52 + h)
m-———"
not h(2 + hy(2)
. -~ 5h
m - ———
n-t (2 + h)(2)

3. f(x) = {4 —xf x =1

2y + 1 x>

&) n

a. Slope at P(—1,3) f(x) = 4 — x*

. 4 - (-1+hyY-3
1=l
e h
4 —-14+2h—-Hh -3
= hm
h—sl) h

= lim(2 - h)

-0
=2
Slope of the graph at P(—1,3) is 2.
b. Slope at P(2,0.5)

f(x)y=2x+1
J@+h)—f2)=22+h)y+1-5
= 2h

. 2h
m=lm— =2
-0 h

Slope of the graph at P(2,0.5) is 2.
4.5(1) = =57 + 180

a.5(0) = 180, s(1) = 175, 5(2) = 160
Average velocity during the first second is

1) — s(0
5{; )] 5():_5 m/S.
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Average velocity during the second second is

s(2) = sth) - ‘
s2) - s 15 m/s.

b. AI]I = &4:
s(d4 + k) — s(4)
= —5(4 + h) + 180 — (—5(16) + 180)
= —80 — 40h — Sh* + 180 + 80 — 180
s(4 4+ h) —s(4)  —40n — 5K’

h a h
v(4) = im(—40 — 5h) = —40

Ji =0}
Velocity is — 40 mys.
¢. Time to reach ground is when s(1) = 0.
Therefore. =517 + 180 = 0
=36
r=6.1>0.

Velocity at 1 = 6
s(6+ h) = —3(36 + 12 + h7) + 180
= —60h — 5h*
s{6) =0
Therefore, v(6) = }im(A(v() — 5h)y = —60.

Y

5. M(1) = rF mass in grams
a. Growth during 3 = 1 = 3.01
M(3.01) = (3.01)" = 9.0601

M(3) = 3"

=9

Grew 0.0601 g during this time interval.
b. Average rate of growth is

li

0.o0e01 .
———— = 6.01 g/min.
0.01 N
c. s(3+ h)=9+6h+h
$(3y=9
s(3+h) ~s(3) _ 6h+ I
h h
Rate of growth is lim(6 + h) = 6 g/min.
N0

6. O(1r) = 107(+7 + 151 + 70) tonnes of waste,

0=1r=10

a. At = 0.

Q) = 70 x 10°
= 700 000.

700 000 t have accumulated up to now.
b. Over the next three years, the average rate of
change:
10%(9 + 45 + 70)

= 124 x 10°

Q(0) = 70 x 10
O(3) — Q(0) _ 54 x10°
3 -3

18 X 10* t per year.

S
W
i

i}
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¢. Present rate of change:
O(h) = 10°(h* + 15h +70)
O0) = 10" + 70

hy - 0
limgj—ﬂﬁ—g—(’“l = him10*(h + 15)
st h hel)

15 x 10" t per year.

d. O(a + h)
= 10*[a’, + 2ah + I* + 1Sa + 15h + 70]
Qfa) = 1()4{11;;},F 15a + 701
QOla +h)y— Qla) 10*2ah + h* + 15h]

h h
limQ(u T h) - Qla) Bm10*(2a + h + 15)
Jie) h hs)

= (2a + 15)10°
Now,
(2a + 15310 = 3 x 107
2a + 15 = 30
a=75

It will take 7.5 years to reach a rate of

3.0 X 107 t per year.

7. a. From the graph. the limit is 10.

b.7:0

¢. p(1) is discontinuous for 1 = 3and 1 = 4.
8. a. Answers will vary. Iim‘f(.\') = (.5, fi1s

discontinuous at x = — |
Y F

..2_
b. f(x) = —4if x < 3:fis increasing for x > 3
hm f(x) = 1
X3
Y
4_
e
2] _
X
G393 4
_2_
4 -0
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xy+1af x < —1

b.f(x) =< —x+1if-1=x<1
x— 2.1 x> 1

Discontinuous atx = —landx = 1.
¢. They do not exist.
10. The function is not continuous at x = —4
because the function is not defined at x = —4.
(x = —4 makes the denominator 0.)

L 2-)

(- Dx + z)

a. fis discontinuous at x = | and x = —2.

o . 2
b, lImf{x) = lim—"—

2= ] r=1X + 2
2
3
im f(x) I : +
im f(x). = hm  —— = +x
P 27X+ 2
. 2
m ——— = -
s -27 X + 2

hm f(x) does not exist.

Y3 —2

12.a. f(x) = e hmf(r) does not exist.
b.g(x) = x(x - 5). hmg(r) =0
. ;( ) . 27 x>0
Chi{x) = -—;-—
=9’
37
Iimh(x) = — = 52857
4 7
lim /(x) does not exist.
x—-3
1-32

13.a
x 1.9 1.99 1999 | 2001 | 2.01 2.1
N 2 5|0-344 83| 0.334 45 10.333 44/0.333 22/0.332 23(0.322 58
X=X -
1
3
Yiz(H-2)1/(H2-%-23
#=1.88 Y= 33444816
b.

x 0.3 0.99 0899 | 1.00% 1.01 1.1
XZ" 11 0:526°32{0:502 51/0:500 2510.499 7510 497 51/0.476 19
e

1
2
Yi={®~ 1}/(}{2 1)
Mg
q—-‘_‘—‘——*__.
H=.58 ! Y= E028i2RE
i4.
x ~0.1 { ~-0.01 | -0.00t] 0001 | o0.01 0.1
Vx + 3= V31981 1200.288 92/0.2887 10 288 65/0.288 430 286 31
X
| VI+3-V3 Vi+3+3
im .
A0 X VX + 3 -+ —\/ﬁ
. x+3-3
= him

=0 x( Vx + 3+ \f) '

= lim
.\1——>0 x( Vi + 3+ \/)
= 1. o
oV f 3 +V3
1
23
This agrees well with the values in the table.
Vx+2-2
15.a. f(x) = =2 <
x—2
x 2.1 2.01 2001 | 2.0001
f(x) | 024846 | 024984 | 024998 | 025
x = 2.0001
f(x) =025
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b. PAS(I{B+ 2~ 23 18- — 1
x—»n (Ve +5+ V5 = x)
—— e )
VG
%=1.99 . ¥z, 25015645 d. lim (x = 2)(x + 2)
=2 (x = 2)(x? + 2x + 4)
1mf x) = 0.25 PPN
i =lm—-"
. \/.\'+2*2 Vi +2+2 2 XP A+ 2x + 4
T A 242 __ (@+2
(2 +2(2) + 4
= 1 —_—
-2 Vx + 242 _ 4
1 12
= — = (.25
4 ) _1
2 g 3
54+ hy — 25
16. a. }im(—~—~%——~* CVITF R 4+ VITTE
1)

= lim(10 + h)

e lim | T TV § «

ht) - 16 — (12 + x)
= 10 TG S @+ V12 1)
Slope of the tangent to y = x* atx = Sis 10. 4— x
b iim\/4 +th-2 lim\/4 +h =2 = m (x —4)(4 + V12 + x)
) s} 1 o 4+ Hh — 4 - (\’ - 4)
= lim
~ lim 1 ,\—,4(\—4)(4+\/]2+ X)
0 V4A + h+ 2 I -1
=h
:_}_ ,\*»44‘*’ V12+\’
4 _ B -1
Slope of the tangentto y = Vxatx =4is. T4+ V12 (4)
1 1 1
T4 4 — 4~ 1] =
c.lim4+h—§—:lim—-———~*~—t 4+4
h=0 h h—04(4 + h)(h) 1
TR =73
il 44 + h)
_
16

1 .
Slope of the tangent to y = ~at (x = 4) is -%

x+4)(x +8 :
17,8 tim S TDEEE ) :Hm[__,l__}
Y4 ¥y + 4 X4 o0 2(2 + X)
= (~-4)+8 1
_ (x+4a)’ - 25¢* . (x —a)(x + 9a) 18. a. The function is not defined for x < 3, so0
b. lim : = lim . oy
x—a xX—a —a x—a there is no left-side limit.

10a b. Even after dividing out common factors from
Vi+5-V5-x \[r +5+ V5 - x} numerator and denominator, there is a factor of

I

“ ]x]—>n(]) X \/x +5+V5—x x — 2 in the denominator; the graph has a vertical
i x+5—-5+x asymptote at x = 2.

= lim —= e
o x(Vx + 5+ V5 ~x) 5,if x <1

C'f(x):{ 2ifx=1
limf(x) = =5 # hmf(r)~2

x—1
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d. The function has a vertical asymptote at x = 2.

LY
e, im—
x—sp X
x—=07|xl = —x
Iyl
lim = = )
r— X
[x]
lim - = |
a0 X
.l LY
lim-— # lim+—
x—0 X i—t X
Syl if v < —1
f. (x) =
USy {2.\'+ Lify = —1
lim f(x) = —1
y——1
Im f{x) =35
]
lim f(x) # hm f(x)
PRI P
Therefore. him f(x) does not exist.
X1
19. a.
=3 HR)Y+6(1+h) +4- (—3+6+4)
mt = lim
Ji—0 h
=3 -6h -+ 6+ 6h+4 -7
= lim
D) h
- Hm:jf
Ixz:yl) h
= hm — A
h—0
=

Wheny = |,y =7
The-equation of the tangentisy — 7 = O(x — 1)
Vo= 7

b.
L (Z24 R (=24 h)~1-(4+2-1)
m = lim
h—0 h
4 —dh+ R +2—-h-1-5
= lim
h—0 h
C =5h+ K
= hm——m-
h—{ l?
=lim(-5+ /)
h—0
= -3
Whenx = -2,y = 35,
The equation of the tangentis y — 5 = —5(x + 2)
y=—-5%—-35
6(-1 4+ ~3—(-6-—
c.m = lim (-1 ) 37 (=6-3)
h—0 /7
C 6(=1+3h =3+ h)—3+9
= lim
1=t h
1-34

187 — 18k + 64

= lim

h—0 h

= lim(18 — 18h + 6h%)
fi—s03

=18

Wheny = ~1,y = -9,
The equation of the tangent is
Y (=9) = 18— (— 1)

v=18¢+9
=23+ b)Y = (162
d.m = lim 2B (Z162)
h—t) h
’ —2(81 + 1088 + 547 + 12h° + I*) + 162
= lim
l:lf}() h
o =216h ~ 108k — 24k° — 24
= him
hi—(} l?
=lim( — 216 — 1087 — 24h° — 2h%)
hi—0
= —216
Whenx = 3. v = — 162,

The equation of the tangent is
vy = (—162) = =216(x - 3)
y = —216x + 486

20, P(1) = 20 + 617 + 312

a. P(8) =20+ 61(8) + 3(8)
= 7000060

b.

20 +61(8+h) + 3(8+ h) — (20 + 488 + 192)
h~r>n() h
- 20+ 488 + 61h + 3(64 + 16k + 1°) — 700
- /JT(% h
— 20 + 488 + 61/ + 192 + 48h + 307 — 700
B hl—rﬁ h

. 109k + 3K°
=lm———

het) h
= ,lin(l)(l()Q + 3h)
=109

The population is changing at the rate of
109000/h.

Chapter 1 Test, p. 60

. 1 S
1. hm—f:—; does not exist since

X1

. . 1

lim = +x # lIm = -,
=i X — x—1"X — 1

2. flx) = 5x% — 8«
f(=2) =5(4) = 8(-2) =20 + 16 = 36
1)=5-8=-3

. 36+3 39
secant = -
Slope of secant is BN 3

Chapter 1: Introduction to Calculus



3. a. lim f{x) does not exist.

=

b. lim f{x) = 1

¢. im f(x) =1

yeod
d. fis discontinuous atx = l and x = 2.
4. a. Average velocity fromt = 2to1 = 5:
$(5) — s(2) (40 —25) — (16 — 4)
3 - 3
1512

Py
R

=1
Average velocity fromr = 2101 = 5is | kim/h.
b.s(3 + h) — s(3)
=803+ h)— (3+h)y - (24~-9)
=24 +8h—9 —6h—h'— 15

=2h — h*
. 2h— h
v(3) = Im = 72
h—0 h

Velocity at 1 = 3 is 2 km/h.
5.f(x) = Vx + 11

Average rate of change-fromx = Stox = 5 + /.

f5 +h) — f5)

h
Vie k- Vi
B h
. X
6. f(x) = e
Slope of the tangent at x = 4:
4+ h
= GTh 15
_ 4+ h
1+ 8k + W
4
f(4) = 1
. . 4+ h
fld+h) —f(4) = Tishs e
4+ h -4 - 32K - 4K
a 1+ 2h + h?
_ 31h — 4i*
T (14 2k + hY)
LS ) = (@) (231 4h)
h—0 h noo 1+ 2k + WP
= —31

Slope of the tangent at x = 4 is —31.
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4x’ - 36 2(x — 3)(x + 3)

7. a. lim 2 = |
M -6 (- 3)
- 12
2x2 —x — 2x + 3){x — 2
b lim 2 6 (2 Jix — 2)
M x4 2 am (- 2)(3x — 1)

7
5

- (-1 -4

L =1
¢ xT}‘ Viy—1-~— 2 .x]—r}g Vi — ] -2

(Va—1-2)Vx-1+2)

N {l—r}z Vy—-1-2
d. lim il = hm (ot D= x+ 1)
e U G VIR DIC R b
3
C=2(2)
3
T4
mm( 1 76 >:lim (x +3)—6
ri\x — 3 x* =9 3 (x = 3 (x + 3)
1
B h—? x+3
1
| "6
flim T8 Z2 g (et 8) 72
=0 X o (x + 8y — 8
(x +8) —2

I : : .
G F8) = 2)(x + 8)F + 2(x + 8) + 4)
1

4+4+4
_ 1
12
ax +3,if x> 5
8. f(x) = 8. ifx =35

X4+ bhbx+aifx<5s

f(x) is continuous.

Therefore, 5a + 3 = 8 a=1
25+ 53b+a=28 5b = —18
18
b=
5
1-35






